The new natural product 4'-hydroxy-deacetyl-18-deoxycytochalasin H (1), together with the known deacetyl-18-deoxycytochalasin H (2) and 18-deoxycytochalasin H (3) were obtained from the endophytic fungus Trichoderma harzianum isolated from leaves of Cola nitida. The structure of the new compound was unambiguously determined by 1D and 2D NMR spectroscopy, and by HRESIMS measurements, as well as by comparison with the literature. Compounds 1-3 showed potent cytotoxic activity against the murine lymphoma (L5178Y) cell line and against human ovarian cancer (A2780 sens and A2780 CisR) cell lines (IC 50 0.19-6.97 μM). The A2780 cell lines included cisplatin-sensitive (sens) and -resistant (R) cells.
In the course of our screening for bioactive secondary metabolites from endophytic fungi [1, 2] , an endophytic fungal strain, Trichoderma harzianum, isolated from leaves of the rainforest plant Cola nitida was obtained. Fruits from C. nitida, as well as from other Cola species, are traditionally used for preparation of caffeine containing soft drinks. The crude extract of the endophytic fungus when grown on solid rice medium exhibited strong cytotoxicity against the murine lymphoma cell line L5178Y. Bioassay-guided chromatographic fractionation yielded a novel cytochalasin (1), together with two known cytochalasins (2 and 3). The cytochalasins exhibit various biological activities, including anti-angiogenic activity, effects on morphogenic properties of embryonic tissues, and toxicity against bacteria, algae, fungi and protozoa [3] [4] [5] . The present paper describes the isolation and structure determination of the new compound (1). All compounds were investigated for their cytotoxicity in cellular assays employing the murine lymphoma cell line L5178Y and the human ovarian cancer cell lines A2780 sens and A2780 CisR. The A2780 cell lines included cisplatin-sensitive (sens) and -resistant (R) cells.
Compound 1 was obtained as white amorphous powder. The molecular formula was determined as C 28 H 37 NO 4 on the basis of the pseudomolecular ion peak at m/z 452.2793 [M + H] + observed in the HRESIMS, thus revealing a 16 amu increase in the molecular weight compared with 2. The 1 H NMR spectrum of 1 indicated the presence of three secondary methyl groups at δ H 0.88 (d, J = 6.7 Hz, H 3 -11), 0.99 (d, J = 7.0 Hz, H 3 -22) and 0.99 (d, J = 7.0 Hz, H 3 -23), as well as two symmetrical doublets at δ H 6.74 (2H, d, J = 8.4 Hz, H-3' and H-5') and 7.03 (2H, d, J = 8.4 Hz, H-2' and H-6'), typical of a para-hydroxy-substituted phenyl group (Table 1) . The 13 C NMR spectrum of 1 showed the corresponding carbon signals [δ C 14.2 (C-11), 23.0 (C-22), 25.6 (C-23), 129.4 (C-1'), 116.3 (C-3', 5'), 132.1 (C-2', 6'), 157.3 (C-4')] and revealed in addition one carbonyl group a δ C 178.9 (C-1), six sp 2 carbons (including four methines, 1: R 1 = H R 2 = OH: 4'-hydroxy-deacetyl-18-deoxycytochalasin H 2: R 1 = H R 2 = H: deacetyl-18-deoxycytochalasin H 3: R 1 = Ac R 2 = H: 18-deoxycytochalasin H one methylene at δ C 112.8, and one quaternary carbon at δ C 152.1), two oxygenated sp 3 carbons (including two methines at δ C 72.3 and 77.5), and ten aliphatic sp 3 carbons (including six methines, three methylenes and one quaternary carbon at δ C 55.3), as supported by DEPT and HSQC spectra ( Table 1 ).
Detailed analysis of the COSY spectrum disclosed the presence of a continuous spin system starting from H-7 and sequentially extending until H-21 ( Figure 1 ). In addition, HMBC correlations of H 3 -11 (δ H 0.88) to C-4 (δ C 49.8), C-5 (δ C 34.1) and C-6 (δ C 152.1); H 3 -22 (δ H 0.99) to C-15 (δ C 44.1) and C-17 (δ C 49.7); as well as of H 3 -23 (δ H 0.99) to C-17 (δ C 49.7), C-18 (δ C 35.3) and C-19 (δ C 134.3), established their connectivity to C-5, C-16 and C-18, respectively. The attachment of the aromatic unit to the methylene group (H 2 -10) at C-1', was deduced from HMBC correlations of H 2 -10 (δ H 2.74, dd, J = 13.7, 6.0 Hz and 2.65, dd, J = 13.7, 6.0 Hz) to C-2'/6' (δ C 132.1). These data were in agreement with those observed for 2, except for the presence of an additional hydroxy group located at C-4' in compound 1, which accounts for the molecular weight difference of 16 amu observed between both compounds.
The relative configuration of 1 was determined by analysis of the coupling constants and the ROESY spectrum (Table 1, Figure 1b ). The geometry of the double bonds in the macrocyclic ring was Figure 2b) , as well as the small coupling constant between H-4 and H-5 ( 3 J 4,5 = 4.8 Hz), indicating their cis relationship. Thus, the relative stereochemistry of 1 was established to be identical as that observed for the crystal structure of 2 [6] . In addition, based on the [α] D value of 1: [α] 20 D +39.6 (c 0.288, MeOH), which is on the positive side, as observed for 2 and 3, as well as based on their close biogenetic relationship, it is assumed that compounds 1 -3 share the 3S, 4R, 5S, 7S, 8R, 16S, 18S, 21R configuration. Hence, the structure of 1 was assigned as a new natural product named 4'hydroxy-deacetyl-18-deoxycytochalasin H.
Cytochalasins are characterized by a highly substituted hydrogenated isoindole ring to which typically a macrocyclic ring is fused. The latter may vary from 11-14 atoms and may be a carbocycle, a lactone, or a cyclic carbonate [7] . The complex structure of cytochalasins is of biosynthetic interest as it includes constituents of mixed biogenetic origin. Isotope labeling experiments [7] [8] [9] have shown that the macrocyclic ring originates from acetate/malonate units which are linked via the polyketide pathway. The methylene group C-12 and the two methyl groups C-16 and C-18 are introduced into the carbon backbone as C1-units from the S-methyl groups of S-adenosylmethionine. In addition, the perhydroisoindol-1-one moiety commonly bears a benzyl group that originates from one phenylalanine unit. Interestingly, the presence of a para-hydroxy benzyl residue in 1 suggests the incorporation of one tyrosine unit into the polyketide backbone, which is rarely encountered in this group of metabolites.
All isolated compounds were assayed for their cytotoxicity toward L5178Y, A2780 sens, and A2780 CisR cancer cell lines ( Table 2) . Compound 3 showed the strongest activity against the aforementioned cell lines with IC 50 values of 0.19, 0.42, and 6.55 μΜ, respectively. Notably, deacetylation of the hydroxy group at C-21, as in 1 and 2, caused a significant decrease in the activity, indicating that the acetate group plays an important role in mediating cytotoxicity. A possible explanation for this observation lies in the contribution of the acetate group to an enhanced cellular uptake through increased membrane permeation. The presence of an additional hydroxyl substitution in the aromatic ring, as in 1 compared with 2, on the other side had no significant effect on the activity of these compounds. 
Experimental
General: UV spectra were measured with a Perkin-Elmer Lambda 25 UV/vis spectrometer. 1D and 2D NMR spectra were recorded at 297.9 K in CD 3 OD on a Bruker ARX 600 NMR spectrometer (for 1). Chemical shifts were referenced to the solvent residual peaks, δ H 3.31 for 1 H and δ C 49.0 for 13 C NMR. Mass spectra (ESI) were recorded with a Finnigan LCQ Deca mass spectrometer, and HRMS (ESI) were obtained with a FTHRMS-Orbitrap (Thermo-Finnigan) mass spectrometer. Solvents were distilled prior to use, and spectral grade solvents were used for spectroscopic measurements. HPLC analysis was performed with a Dionex UltiMate-3400SD with an
